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^ ABSTRACT 

U.  S.  Naval  Research  Laboratory  Reporta  120S  and  1214  presented  the 
results  of  initial  teats  with  an  interim  ARTEMIS  source  conaiating  of  a 
one  wave  length  square  array.  Thia  report  describes  additional  testa 
with  an  enlarged  array  in  which  fifteen  of  the  twenty  transducer  modules 
of  the  full  array  were  installed.  While  the  enlarged  array  results  In 
improved  operating  characteristics  with  respect  to  acoustic  loading  and 
velocity  distribution,  it  was  found  that  the  permissible  operating  power 
level  is  still  severely  restricted  by  abnormally  high  transducer  displace* 
ments  which  can  cause  mechanical  destruction  of  the  transducer  elements. 

\ 

Evidence  is  presented  which  supports  the  theory  that  anomalous  behavior  ' 
is  caused  by  acoustic  interaction  effects. 


PROBLEM  AUTHORIZATION 

ONR  NR  207  002  (Special) 

NR L Problem  Number  54S02-U 


PROBLEM  STATUS 

This  is  an  interim  report  on  one  phase  of  the  project.  Work  ia 

continuing. 
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INTRODUCTION 


The  high  power  acoustic  source  for  Project  ARTEMIS  is  planned  to 
consist  of  1440  variable  reluctance  transducer  elements  close-packed 
in  a rectangular  plane  array  having  the  approximate  dimensions  of  four 
wave  lengths  vertically  by  two  and  one -half  wave  lengths  horizontally  at 
the  resonapt  frequency,  Each  element  is  11-1/8  inches  square  on  the 
radiating  face  and  11-3/4  inches  deep,  They  are  assembled  in  modules 
six  elements  wide  by  twelve  elements  high.  The  final  array  configura- 
tion will  consist  of  four  rows  of  five  modules  each. 

Initial  tests  were  conducted  on  a one  wave  length  square  array  composed 
of  two  modules  mounted  side  by  side  on  the  array  structure  which  was 
installed  on  the  USNS  MISSION  CAPISTRANO  (T-AC  162).  U.  S.  Naval 
Research  Laboratory  Memorandum  Reports  120S  and  1214  present  the 
results  of  these  tests  indicating  that  displacement  amplitude  and  phase 
of  individual  elements  varied  widely  with  element  position  and  operating 
frequency.  The  principal  deleterious  effect  of  the  nonuniform  displace- 
ment amplitude  is  that  for  a given  power  level  some  of  the  elements  have 
larger  displacement  amplitudes  than  would  be  required  if  the  displace- 
ment distribution  were  constant.  This  requires  that  the  power  input  to 
the  array  be  limited  to  a level  consistent  with  safe  operation  for  those 
elements  having  the  highest  amplitudes 

This  report  describes  the  results  of  tests  conducted  during  September  , 
and  October  1961  with  a larger  array  configuration.  When  they  became 
available,  fifteen  modules  were  installed  on  the  ar**ay  structure  in  three 
rows  of  five  modules  each,  forming  an  array  approximately  three  wave 
lengths  high  by  two  and  one -half  wave  lengths  wide.  Four  oil-filled 
component  tanks  and  a junction  box  were  installed  in  the  base  of  the  array 
structure.  The  double  armored  cables  which  provide  power  and  instru- 
mentation connections  from  the  ship  to  the  transducer  were  terminated 
in  the  junction  box.  Connections  are  made  within  the  junction  box  to 
distribute  the  power  and  instrumer.Mtion  conductors  to  the  four  compon- 
ent tanks.  The  junction  box  also  houses  remotely  operated  contactors 
which  can  connect  or  disconnect  power  to  each  tank.  Each  component 
tank  serves  one  row  of  transducer  modules  and  houses  the  necessary 
electrical  components  to  appropriately  transform  and  distribute  the  sig- 
nal driving  current  and  the  polarising  current  to  each  module  in  tne  row 
which  ifVtervea.  It  also  contains  sensors  which  measure  these  currents 
and  transmit  the  information  for  remote  indication.  Polarising  power 
is  transmitted  from  the  ship  to  the  component  tanks  as  three  phase,  sixty 


cycle  alternating  current,  A twelve  phaee  atltcon  diode  rectifier  with 
appropriate  tranaformer  rectifies  the  alternating  current  to  provide  ten 
ampvrva  polarising  current  to  each  of  the  transducer  element*,  Each 
component  tank  contains  a transformer  having  live  secondary  windings, 
These  transformers  distribute  the  signal  driving  current  through  appro* 
prtate  tuning  and  blocking  capacitor*  to  each  of  the  five  modules  in  the 
row  served  by  that  tank,  Tha  transformer  primaries  are  connected  in 
parallel  in  the  junction  box.  Since  three  rows  of  modules  were  installed 
(or  this  test,  only  three  of  the  four  component  tanks  were  used. 

Acoustic  radiation  from  the  rear  of  the  transducer  is  suppressed  by  a 
system  ot  compliant  resonant  reflectors  irstalled  on  the  back  face  of 
each  transducer  module.  Each  reflector  is  a flattened  stainless  steel 
tube  six  feet  long  and  approximately  six  inches  wide.  The  tubes  are 
filled  with  nitrogen  and  pressure  compensated  by  a pressure  regulating 
system.  There  are  twelve  tubes  on  each  module,  one  behind  each  row 
of  elements.  The  tubes  are  separated  from  the  elements  by  a distance 
ot  approximately  one -half  inch. 

Thirty-five  accelerometers  were  available  for  measuring  displacement 
amplitude  and  phase  of  both  the  transducer  elements  and  the  resonant 
reflectors,  These  accelerometers  were  tested  and  their  calibration 
shown  to  be  independent  of  the  ambient  static  prssaure  and  the  acoustic 
field.  Twelve  current  sensors  wsre  ussd  to  ssmpls  the  signal  driving 
currant  in  rows  of  elements,  Tha  signal  current  connections  to  sach 
module  were  such  that  the  six  element*  in  aach  row  were  connected  in 
Hence  and  the  twelve  rows  connected  in  parallel.  Thus,  the  twelve  cur* 
rent  sensors  were  adequate  to  monitor  the  currents  in  each  row  of  any 
ore  module.  The  accelerometer  and  current  sensor  outputs  were  trans* 
rmtted  to  the  ship  through  a watertight  junction  box  containing  a remotely 
controlled,  fifty  position  slapping  switch  and  a preamplifier.  Thus,  the 
senior  outputs  were  sampled  sequentially.  One  channel  wee  used  to 
transmit  a calibration  voltage  through  the  preamplifier.  The  remaining 
t«n  channels  transmitted  the  outputs  of  two  accelerometers  which  were 
installed  internally  in  a special  transducer  element.  A view  of  the  fif- 
teen module  installation  on  the  USNS  MISSION  CAPISTRANO  is  shown  in 
figure  I. 

PURPOSE 

The  purposes  of  this  test  were  to  obtain  information  concerning  the 
acoustic  and  motional  characteristics  of  the  enlerged  transducer  array, 
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to  investigate  the  nature  and  causes  of  the  anomalous  displacement 
behavior  observed  in  previous  tests  with  a 144  element  array,  and  to 
determine  if  the  enlarged  array  exhibited  improved  acoustic  loading 
characteristics,  Instrumentation  was  provided  specifically  tor 

1.  Obtain  impedance  characteristics  of  the  enlarged  array, 

2.  Measure  the  free  field  current  response  of  the  enlarged  array 
and  obtain  an  approximate  representation  of  the  directivity  characteris- 
tics in  the  vicinity  of  the  acoustic  axis, 

3.  Obtain  a reasonable  statistical  sample  of  the  displacement  ampli- 
tude and  phase  of  the  radiating  faces  of  the  transducer  elements, 

4.  By  means  of  a specially  instrumented  transducer  element,  deter* 
mine  the  motional  characteristics  of  the  element  reaction  mass  at  a 
function  of  frequenev  and  element  position,  and 

9.  Determine  the  relative  impedance  of  rows  of  elements  within  a 
module  for  one  or  more  module  positions,  and  to  examine  the  relative 
impedance  of  each  module  with  respect  to  the  other  module*  in  the  array. 


EXPERIMENTAL  PROCEDURE 

Experiments  were  conducted  in  the  Cape  Charles  area  of  tha  Chesapeake 
Bay  in  a water  depth  of  eighty  feet,  at  27*  28'  north  latitude  and  75*  19 
w«at  longitude  in  a water  depth  of  2940  tathome,  and  at  various  area* 
within  Exuma  Sound.  The  purpose  of  the  shallow  water  tests  in  the 
Chesapeake  Bay  was  to  check  the  operation  of  the  acoustic  source  and 
instrumentation.  All  data  presented  in  this  report,  with  the  exception 
of  th>'  air  impedance  data,  were  obtained  in  deep  water  operations, 
Figure  ' illustrates  the  dead  reckoning  tracks  for  operations  in  Exurra 
Sound.  All  operations  were  conducted  while  !yir.g*to.  Drifting  towards 
ttie  western  limit  of  the  Sour.d  required  repositioning  on  two  occasions, 

The  transducer  elements  used  in  the  ARTEMIS  array  consist  of  two 
unequal  masse*  coupled  by  a spring  with  a magnetic  driving  force  acting 
between  the  masses.  The  larger  mass  i*  in  the  form  of  a rigid  box 
which  completely  encloses  the  smaller  reaction  mass.  The  reaction 
mes  i is  supported  inside  the  box  by  a system  of  springe.  Acoustic 
projection  is  accomplished  at  both  the  front  and  back  outside  surfaces 
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ot  the  outer  mass.  However,  the  resonant  reflectors  previously 

described  suppress  radiation  to  the  rear  of  the  elements,  T<>  measure 
displacement  amplitude  and  phase  of  an  -lenient,  an  accelerometer  hav- 
ing a threaded  stud  was  screwed  into  a t-poed  hole  in  the  centnr  of  the 
front  radiating  face.  Thus,  the  dispUcetnents  measured  were  those  of 
the  outer  or  radiating  mass,  One  special  element  was  constructed  with 
internal  accelerometers  sueh  that  the  acceleration  of  both  the  inner  and 
outer  masses  could  be  measured.  Displacement  of  the  rear  surface  of 
the  resonant  reflector  tubes  was  measured  at  a number  of  locations  by 
attaching  accelerometers  to  special  boese..  which  had  been  cemented  to 
the  tubes.  The  close  spacing  ot  the  tubes  to  the  etemente  prevented 
measurements  or.  the  front  side  of  the  tubes.  The  results  of  the  measure- 
ments or.  the  reflector  tubes  therefore  represent  the  total  motion  of  the 
rear  face  and  does  no',  necessarily  provide  a measure  of  the  compres- 
sion o:  the  lube.  In  a similar  manner,  displacements  ware  measured  at 
a few  locations  on  the  component  tarks  and  junction  box.  All  accelero- 
meters were  calibrated  in  terme  of  displacement  for  air.uauidal  motion 
over  the  frequency  range  of  interest. 

The  operating  procedure  corseted  of  attaching  the  accelerometers  in  one 
set  ot  positions,  installing  branch  current  sensors  in  one  selected 
module,  replacing  one  pre-selected  element  with  the  especially  Instru- 
mented element  and  then  lowering  the  array  to  opetettng  depth.  The 
serscr  outputs  were  then  messured  as  the  array  was  driven  for  a number 
of  frequencies  over  the  range  from  )50  to  450  cycles  per  second.  In  one 
experiment  the  frequercy  range  *>a*  extended  to  210  and  600  cycles  per 
second.  The  accelerometer  und  current  nensor  amplitude  data  were 
automatically  rtcorded  in  digital  form.  All  other  data  including  dis- 
placement phase  and  current  phase;  input  power,  current,  and  voltage; 
hydrophone  outputs;  and  frequency  were  manually  rtcorded.  At  the 
completion  of  an  experiment,  the  array  was  raised  and  the  sensors 
repositioned. 

A c oust >c  irter.sity  was  measured  by  a hydrophone  sunperded  J4  feet  in 
front  of  the  array  on  a collapsible  boom.  As  this  range  ts  too  short  to 
represent  a far  field  measurement.  t*rie  data  were  used  only  to  indicate 
consistent  pertormar.ee  from  ru  to  tun  and  were  ..ot  accepted  as  a 
Quar.r.t  itive  measure  of  acoustic  performance.  In  one  experiment,  a 
weighted  hydrophone  was  suspended  from  a small  boat  at  a range  of 
approximately  sixty  yards.  The  rAnge  was  measured  acoustically  for 
each  intensity  measurement.  The  hydrophone  was  moved  in  aaimuth  and 
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depth  until  a maximum  response  indicated  a position  on  the  acoustic  axis. 
At  this  position  acoustic  intensity  and  ring*  were  measured  and  the  bear- 
ing of  the  small  boat  was  noted  by  means  of  a transit  on  the  deck  of  the 
source  ship.  The  small  boat  was  then  repositioned  to  a new  bearing  and 
measurements  repeated.  In  this  manner  an  approximate  directivity  pat- 
tern as  well  as  an  accurate  measure  of  acoustic  intensity  on  the  acoustic 
axis  were  obtained.  All  acoustic  measurements  were  made  using  short 
putses  in  order  to  avoid  surface  reflected  path  interference.  These 
acoustic  data  were  obtained  with  the  center  of  the  array  submerged  to  a 
depth  of  ISO  feet  whereas  all  ether  data  were  taken  with  the  array  at  a 
center  depth  of  400  feet. 

A dc  polarising  current  of  approximately  ten  amperee  per  element  was 
used  in  a, I experiments.  All  the  data  in  these  experiments  were  obtained 
with  an  ac  input  to  the  transducer  of  lb  amperes  with  the  exception  of 
impedance  measurements  made  in  air  and  one  run  in  which  the  voltage 
input  to  the  amplifier  was  held  constant.  The  constant  current  and  con- 
stunt  voltage  data  are  treated  separately. 


RESULTS 

A.  Impedance  Measurements 

The  impedance  of  the  submerged  array  was  computed  from  the  measured 
values  of  input  current  voltage  and  power.  Meters  of  the  portable  stand- 
ards type  were  used  to  measure  these  quantities.  Figure  J illustrates 
the  impedance  characteristics  of  tha  fifteen  module  array  over  the  fre- 
quency range  of  250  to  600  cycles  per  second.  The  impedance  values 
shown  are  those  measured  at  the  input  to  the  underwater  cable  supplying 
driving  signal  to  the  paralleled  primaries  of  three  identical  transformers 
located  in  the  underwater  comporent  tanks.  Each  transformer  has  five 
secondary  windings  each  of  whu.h  is  connected  to  a transducer  module 
through  tuning  and  blocking  cipacitors.  Thus,  each  ol  the  fifteen  trans- 
ducer modules  is  energised  from  a separate  secondary  winding,  The 
turns  ratio  between  the  primary  winding  and  each  cf  the  secondary  wind- 
ings is  4.  125  tu  1.  Each  module  is  tuned  with  a 1 2 microfarad  senes 
capacitor.  It  can  be  seer,  from  figure  J that  the  maximum  resistive  com- 
ponent of  impedance  is  42.7  ohms.  Considering  the  transformer  turns 
ratio,  this  represents  t single  module  resistance  of  36  ohms.  Previous 
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testa  with  two  module  unv  indicated  a maximum  resistive  component 
of  approximately  twice  this  . . ie  for  each  module.  The  decreased  mod* 
ule  resistance  m thu  enlarged  array  is  indicative  of  better  acoustic 
loading. 

Figure  4 is  a vector  impedince  locus  plot  far  the  fifteen  module  array. 
Resonance  appear*  at  approximataly  422  cycles  per  second, 

Prior  to  ’he  underwater  tests,  the  impedsrce  of  the  five  modules  in  the 
top  row  was  measured  tr.  air.  Time  did  i.ot  permit  these  measurements 
to  be  made  or.  the  entire  array.  The  vec’or  impedance  locue  diagram 
obtained  from  measurements  in  air  ia  shown  ir.  figure  5.  The  signal  cur* 
ren’  was  held  conetunt  at  0.3  ampetes  at  all  frequencies  except  thoee 
between  461. 4 ar.d  470.  2 cycles  par  secord  where  it  wai  reduced  to  0.2 
amperee.  The  small  power  amplifier  used  for  these  ’eete  wse  not  capa- 
ble c.f  supplying  0.  3 amperee  at  all  frequencies.  Resonance  appears  at 
approximately  4fr5  cycles  per  second.  The  maximum  • alue  of  the  reels* 
ti'e  component  of  impedance  Agrees  closely  with  the  value  obtained  from 
previous  measurements  on  a two  module  array  when  the  shunting  effect 
of.  the  transformer  primary  reactance  is  considered.  The  coupling  trans- 
formers have  a primary  reactance  of  approximately  40,000  ohms,  being 
designed  for  use  with,  a transducer  having  a water  load.  The  higher  im- 
pedance of  the  transducer  when  operating  in  air  Requires  that  tha  shunting 
effect  of  the  primary  reactance  bo  taken  into  consideration. 

B,  Acoustic  Measurements 

A limited  amount  "f  acoustic  tcspor.tr  data  was  obtained.  This  was 
accomplished  by  suspending  a hydrophone  from  a small  boat  in  the  region 
of  ti  e acoustic  axis  of  the  source.  The  output  of  the  hydrophone  was 
observed  on  a calibrated  battery  epented  oscilloscope.  The  source  was 
p.ogrAmmed  for  30  millisecc  d pulses  at  twelve  second  intervals.  Free 
t eid  measurements  were  obtained  by  noting  the  amplitude  of  the  received 
ng-al  after  the  signal  level  had  leaihed  a steady  slue  and  before  the 
nrM  surface  rejection.  The  email  teat  was  tethered  by  lines  to  the  bow 
and  stern  of  the  source  ship  and  held  at  a range  ot  approximately  sixty 
yards.  A wire  connect. o*  »„*  made  betwee-  the  small  bv»t  and  the  source 
ship  to  er.ible  ar.  acoustic  rar  ge  measurement. 

The  hydrophone  was  moved  vertically  and  in  aeimuth  until  a maximum 
signal  retponse  w*a  ob:atncd.  This  point  was  assumed  to  be  the  acoustic 
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axis  of  the  tource.  The  bearing  of  the  small  boat  relative  to  the  source 
ship  was  then  measured  ird  it-  .ii.ou-.tu.  range  obtained.  Response 
measurements  were  made  at  five  frequencies  in  this  position.  The  results 
are  plotted  ir  figure  6,  For  the  five  frequencies  at  which  measurements 
were  made,  the  maximum  response  occurred  at  4£0  cycles  per  eecond, 
Time  and  sea  conditions  prevented  more  extensive  measurements. 

After  measuring  the  response  at  the  position  yielding  the  maximum  signal, 
the  email  boat  was  moved  in  atimuth  to  positions  six,  sloven,  and  fifteen 
degrees  aft  of  the  original  location.  Measurements  at  these  positionr 
yielded  the  directivity  pattern  illustrated  in  figure  7.  This  pattern  is 
probably  not  precise  since  the  starting  point  might  not  have  been  exactly 
on  the  acoustic  axis  and  there  is  no  assurance' that  the  hydrophone 
traveled  through  the  same  arc  as  the  supporting  boat. 

C.  Displacement  Amplitude 

The  drawing  in  figure  A represents  ‘.he  positions  of  the  elements  and 
modules  m the  fifteen  module  array.  Thu  modules  are  numbered  from 
six  through  twemy  as  shown.  To  identify  any  element  position,  a three 
part  number  ie  used.  The  first  number  identifies  the  module  In  which 
a position  is  located.  The  second  number  represents  the  row  within  that 
module  with  rows  being  numbered  from  one  through  twelve  starting  at 
the  top.  The  third  number  repreaants  column  with  the  columns  in  each 
module  being  numbered  from  one  through  six  starting  at  the  left.  Thus, 
element  position  number  7-1-1  is  located  in  the  upper  lefthand  corner  of 
module  seven.  The  positions  marked  with  an  "X"  are  those  in  which  an 
external  accelerometer  had  been  attached  to  the  element.  They  are  the 
only  positions  m which  element  displacement  data  was  obtained  in  this 
experiment.  The  positions  in  which  the  accelerations  of  the  squished 
tube  reflector*  were  measured  are  s mtlariy  mark'  d in  ligure  9.  The 
accelerometers  were  attached  to  the  center  of  the  bark  face  nf  the  tubes 
directly  behind  the  element  position  marked  w.th  in  "X". 

Figures  10  through  1A  illustrate  tie  tmnner  ir  whten  the  element  dis- 
placement varied  in  two  row>  and  one  column.  Row  "18"  is  composed  of 
the  sixth  row  of  elements  ir  modules  1 1 , U ard  l i.  It  lie*  along  the 
honsontil  center  line  ol  the  lett  half  ol  the  array.  Column  "15"  which  is 
composed  of  the  third  column  of  module  eight  and  part  of  the  third  column 
of  module  1 $ lies  along  the  vertical  c<  nter  line  of  the  top  half  o*  the  array. 
Row  "l"  is  the  uppermost  row  of  elements  in  modules  six,  seven  and 
eight.  The  positions  in  th»  arrav  of  those  rows  and  columns  can  be  seen 
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safest  operating  region  for  the  array  in  its  present  condition.  Four 
sample  plot  a of  squashed  tube  displace  meet  a a a (unction  til  frequency 
an-  shown  in  figure*  through  iH.  Typically,  these  show  many  dm* 
placement  peaks  and  nulls, 

D.  Displacement  Phase 

Th*i  phase  of  the  elements  in  rows  and  columns  is  illustrated  tn  figure* 

,! 4 through  17.  These  elerne hts  are  the  same  as  those  for  which  the 
displacements  were  depicted  in  figures  10  through  Id.  In  a number  of 
positions  no  value  of  phase  angle  is  shown,  In  most  rases,  data  was 
not  obtained  for  these  positions  because  the  signal  level  from  the  acteler 
oliivters  was  very  low  due  to  small  displace nn* nt  amplitude,  and  phase 
jitter  caused  by  noise  trade  readings  uncertain.  As  tn  the  case  of  dis- 
placement amplitude,  no  spatial  pattern  ol  phase  angle  could  be 
ascertained.  Also,  no  strong  correlation  betwier.  phase  angle  and  dis- 
placement amplitude  could  he  found,  tly  avei aging  the  phase  angles  of 
all  sampled  elements  at  each  frequency,  the  curve  shown  in  figure  >6 
was  obtained.  These  phase  angles  were  measured  with  respect  to  the 
amplifier  input  voltage.  At  the  bottom  of  figure  18,  the  average  devU- 
lion  from  the  mean  phase  angle  is  shown  Note  that  the  deviation 
reaches  a maximum  at  480  cycles  per  second  which  lu  the  resonant 
frequency  of  the  elements  in  the  unloaded  condition.  A sharp  dip  m the 
mean  phase  angle  / Iso  occurs  at  that  frequency,  This  would  indicate 
that  same  of  the  elements  arc  unloaded  and  therefore  are  experiencing 
large  displacement  amplitudes  and  impedances  which  are  changing 
rapidly  with  frequency  at  the  frequency  of  unloaded  resonance.  Figures 
1*7  and  40  exemplify  the  manner  in  which  the  displacement  phases  of 
individual  elements  vary  with  frequency.  Typically,  these  curves  differ 
considerably  at  frequencies  higher  than  the  loaded  ruNonant  frequency, 

K.  Equivalent  Loading 

Previous  tests  with  a two  mndu'e  array,  on  which  the  pressure  release 
tubes  fad  been  removed,  re'  e,:led  at,  equivalent  lending  of  0.  1 rho  c , 
Equivalent  lohng  w..-  determined  in  the  following  manner,  A root - 
me  ,n  square  value  of  displace  me M amplitude  wms  computed  for  all 
sampled  elements  at  each  operating  frequency.  These  values  were 
compared  with  the  values  of  displacement  required  of  an  equivalent 
uniform  velocity  transducer  producing  the  same  acoustic  source  levels. 
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Ii.  the  cii.it'  of  iht  two-module  Array,  an  acoustic.  loading  of  0.  I rho  c 
would  haw  produced  .vppt ox, mult Iv  the  •ante  toured  levela  tt  the  actual 
arrav,  The  tame  procedure  tol’owr.d  tc  find  the  equivalent  loading 
of  the  ISn.oduu  stray.  The  rt  suit-  i?e  in  figure  41.  In  thia 

rare  if- 1 ? - W »een  that  the  sou.'.:,  lev*  1 ending  in  not  c.onaturt  for  all 
Itcqueneiee.  Howcer,  an.v.ci  age  value  ;»  approx.matilv  0, 4 rho  c. 

The  two  module  array  differed  lrr>tn  Ut  larger  array  -.r  that  I*  wa*  not 
equipped  wit*-  acoustic  prrs’ure  rrleu-e  tube*  **d  therefore  waa  loaded 
i t.  l oil.  tie  Irort  ar.d  bath  f « -•  *,  For  tht*  reason  the  loading  vftecta 
oil  the  two  array*  tat. rot  be  directly  compared.  However,  il  tt  ia  con- 
aidered  t wa t the  n**ly  effect  oi  the  double  loading  on  t^e  smaller  array 
was  to  double  tie  radiating  aria,  md  tht  two  array*  are  compared  on 
the  bail*  of  this  a**umptiot',  than  ti  e larger  arrty  nppears  to  be  more 
lailv  loaded  both,  from  the  aterdpoirt  ol  electric?!  impedance  and 
nuchimtal  displacement. 

F.  Especially  Instrumented  Elemrnt 

The  t spec. ally  instrumented  *r*t»dac.er  element,  having  internally 
moul  ted  accelerometers  o-.  both  rl.e  inter  and  outer  maeaei,  re- 
pris't.o'td  to  three  locatiui.e  it  thi  array.  1”  idditl'.r  to  the  two  inter- 
r,;vl  ,i  c tie  minuet  a,  a third  ar.ee  Urometer  was  attached  externally  tn 
the  t < pped  hole  provided  in  the  carter  ot  the  radiating  face.  Stnoe  the 
nvis*  r ,tio  of  outer  to  ir.r.er  mas*  i*  1,4  to  1,0.  and  the  water  loading 
is  . (plied  tc  tie  outer  mas*,  tt  wculd  be  expected  that  the  inner  mute 
wen  d rave  n considerably  lirgrr  displ* cement  amplitude  than  the  outer 
tin ** . Also,  if  the  transducer  element  expei  enced  pure  rectilinear 
rmiiu'  . the  two  accelerometer,  attached  tc  the  ou*er  mexa  should 
ixu:'.;t  idi.nic  il  di*p' urmr  in  both  amplitude  ar.d  ph»*r.  The  rrla* 
t.w  d.vpl  ic  ament  plsst  of  ti  c -nier  ..-d  outer  musses  for  the  unloaded 
..i  *dt,«j(  should  t *.  approximately  iSPdigrct*.  Water  loadr  g would 
<..ium  the  mbit. ,c  ph&sr  todtp.it'  Jrcrn  th  e v,il.,e.  Unity  rho  CA  load- 
'll should  result  r i plus*  rj'i  of  ipproximali.lv  H4  dtigreta,  vary- 
» l ' fly  slightly  w.»h  Inquii.cv  n er  the  trequn  tv  rings  ol  inoreat, 

:•  ii  .s  report  tl  t three  »<  i*  li  tr.mt-ti  t * on  the  epct.nl  tr.vt  *duc*i-  ele  * 
in.  it  ..ii-  refer  red  to  -« * • t • " . "ov'tr"  ar.ti  "ixtt  r *.al'  . Tt  t lie  *t 

two  demg*'  itioi  » 1 1. It  i t..  tha  l’  lv-rr,  illy  mounted  : i r.ela rometer * on 
the  inner  a-d  outer  mm  rteper.ii.ely,  and  ihe  laat  deatgr.ation  refer* 
tu  tht  externth*  moi-.li  d urn,  One  internal  icte  lerometer  ta  mounted 
i .1  corner  ol  the  outer  me*»  and  ihe  other  .*  mounted  or,  an  edge  of 
the  ih-.t  r mass. 
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Figures  42,  43  and  44  illustrate  the  displacements  of  the  special  trans- 
ducer element  measured  at  positions  6*1-1,  13*6*1  and  8*  1 1 -1  raapae • 
lively,  tt  can  ba  eeen  that  the  displacement  ratio  of  rhe  outer  and  inner 
maeaea  ia  far  from  conatant  and  the  outer  maaa,  In  tome  frequency 
regions,  has  the  larger  amplitude.  Th*s  might  ba  explained,  at  least 
in  part,  by  the  interaction  effect**  with  the  other  elements  of  the  array. 

At  some  frequencies,  the  special  transducer  could  be  driven  bv  the 
acoustic  field  and  would  be  absorbing  energy.  The  ditplaccnenta  meat* 
ured  by  the  two  accelerometer*  on  the  outer  mast  differ  widely  indicat- 
ing a departure  from  rectilinear  motion  since  these  two  accelerometer! 
do  not  measure  displacement  at  the  same  part  of  the  rediatlng  area. 

Figures  43  4b  and  47  show  the  corresponding  phase  angles  for  the 
special  element  accelerometers  in  the  three  array  poaitiona.  The  phaaa 
angle”  of  the  inner  and  external  displacements  ere  shown  relative  to 
the  ouinr  displacement.  The  phase  of  theexternall*’  measured  displace- 
ment is  generally  within  90  degrees  of  the  internally  measured  displacement. 
| The  phase  of  the  inner  mass  takes  on  all  possible  values,  The  cause  of 

? this  anomaly  is  not  clearly  understood, 

<3.  Alternating  Current  Measurements 

The  current  sensors,  which  measure  the  alternating  current  in  the 
series  connected  rows  of  elements  within  a modulo,  were  used  to 
measure  the  current  Into  tech  row  of  module  number  six  in  one  experi- 
ment and  into  each  row  of  module  number  13  in  another  experiment, 

The  current  is  plotted  at  a function  of  row  number  with  frequency  es  e 
parameter  tn  figures  48  end  49,  There  ere  well-formed  patterns 
which  progress  smoothly  as  frequency  ia  incieased,  Since  an  idr"»t«:al 
driving  voltage  is  applied  to  all  ruws  within  a module,  the  current  veri* 
aliens  must  bs  the  result  of  impsdunce  differences  among  the  row*. 

The  close  manufacturing  tolerances  on  the  individual  elements  would 
not  permit  variations  of  tins  magnitude  among  the  individual  elemante 
due  to  their  inherent  characteristics.  It  It  most  probable,  therefore, 
that  the  impedance  differences  ire  caused  by  acoustic  interaction 
effect*  among  the  elements  which  cause  non-uniform  loading  of  the 
elements  depending  on  their  positions  tn  the  array  and  the  wave  length 
of  the  sound  waves  in  water.  Additional  indications  of  this  nature  are 
evidenced  by  the  module  current  data.  Current  sensors  located  in  the 
underwater  component  tanks  measured  the  alternating  currant  into 
each  of  the  fifteen  modules.  The  results  of  these  measurements  for 
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one  experiment  are  plotted  ;n  figure  40.  In  thts  illustration,  each  curve 
is  a plot  of  th«  moduls  current  in  a row  ol  five  modules,  Curves  for 
the  three  rows  are  grouped  '•erf.cillv.  Frequency  progresses  from  left 
to  right  in  three  line*,  Fot  rnoM  frvquenc.es  witi-.ir,  the  pass  band,  the 
current  is  a maximum  in  the  ce.'.ter  module  ar.d  decreases  rrore  or  less 
symmetrically  toward  each  sidi  el  the  array.  lr  ucreral,  the  current 
di at r 'hut ion  in  flit  top  i'd  bctti  m row*  of  inodulvn  differs  considerably. 
This  might  be  vaunt'd  bv  lack  o!  r.ivi.h^r.c.sl  symmi  tri  c,i  the  array 
slructure  tn  the  vertical  direction,  The  oi'.-hiUd  component  tanks  and 
Junction  boxes  ere  located  at  the  bu.*u  of  the  structure  behind  the  bottom 
row  of  modules,  and  the  ’Kroger  bottle*  cr«  mounted  rear  the  top  of  the 
st i ucture  just  above  and  to  the  real  of  the  tap  row  of  modules, 

H Waveforms 

Figures  41  through  44  exemplify  the  waveforms  ex.st.ng  in  various 
circuits  during  this  set  of  experiments.  Figure*  41  through  5J  show  for 
three  frequencies  the  waveforms  experienced  with  pulsed  operation  (or 
the  total  transducer  current,  accelerometer  outputs,  and  monitor  hydro* 
phone  voltage.  Figure  44  tPusttetae  the  waveform  ol  the  input  signal  to 
the  amplifier.  The  left  side  cf  each  illustration  shows  the  waveform  when 
the  input  signal  is  passed  through  a 140  to  440  cycle  per  second  band-pass 
filter,  The  right  side  shows  the  waveform  whan  r.e  filter  is  used.  Puletd 
operation,  as  illustrated  here,  was  used  only  ,r.  the  experiment  in  which 
acoustic  response  was  obtained.  In  all  other  experiments  a steady  etata 
signal  was  used.  The  photograph  of  component  tank  acceleration  wave* 
form  was  obtained  horn  the  output  of  an  accelerometer  attached  to  a 
vertical  surface  of  the  pressure  tempt  ".sano.i  tank  atop  ore  of  the  com* 
ponent  tanks,  Dunrg  the  course  ol  these  experiments  several  eccelero* 
meters  were  attached  at  venous  positions  on  the  component  tanks  ar.d 
junction  boxes.  These  measurements  indicated  cnlv  very  smell  amplitude 
ol  vibration  wi*h  the  exception  of  Me  pontioi  llluM  r tied,  At  some  fre- 
quencies, this  posit. ori  experienced  vibration  imp,  fade t as  high  as  the 
transducer  amplitude. 

1.  Constant  Voltage  Dr  " r 

All  ol  the  preceding  dita,  with  the  exception  of  air  impede’ ce.  was 
obtained  with  e constant  current  input  to  the  amplifier  of  IS  amperes. 

One  additional  run  w«s  made  ,r  order  to  ob'a.r  system  response  data, 
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In  this  run  the  voltage  input  to  the  driving  amplifier  was  held  conetant. 

The  input  voltage  was  adjusted  to  <i  value  such  that  the  current  did  not 
exceed  IS  amperes  at  any  frequency  ir  the  band  from  350  to  450  cycles 
per  second.  Figure  55  illustrates  the  amplitude  and  phase  of  the  curror.t 
into  the  transducer.  The  phase  is  referenced  to  signal  voltage  input  to 
the  amplifier.  If  a linear  response  with  respect  to  input  current  io 
assumed,  the  voltage  response  rf  the  system  can  be  computed  making 
use  of  the  measured  current  response  which  ,s  plotted  In  figure  6.  The 
resulting  system  voltage  response  is  shown  in  figure  56,  The  phaso  cf 
the  acoustic  pressure  at  the  face  of  the  transducer  esn  be  measured  in 
either  of  two  ways.  One  method  utilises  the  measured  phase  of  the 
accelerometer  rutputs.  Since  the  pressure  is  in  phase  with  displacement 
and  displacement  ie  180  degrees  out  of  phase  with  the  acceleration,  the 
accelerometer  output  voltage  is  180  degrees  out  of  phase  with  the  pres, 
sure  at  the  face  of  the  transducer.  The  preamplifier  used  with  the 
accelerometers  reversed  the  signal  phase  such  that  displacement  or 
pressure  phase  was  measured  directly.  The  pressure  phase,  as  obtained 
by  this  method,  relative  to  the  input  signal  voltage,  is  plotted  in  figure  57. 
To  obtain  this  curve,  the  phasa  of  23  accelerometers  was  averaged. 

These  accelerometers  were  located  principally  on  elements  in  the  upper 
left  hand  section  cf  the  array  as  shewn  in  figure  58.  A measure  of  the 
pressure  phase  can  also  be  obtimed  from  the  output  of  the  morttor-ing 
hydrophone.  This  hydrophone  wee  located  on  the  acoustic  axis  34-1/  i 
feet  in  front  of  the  center  of  the  face  of  the  array.  Phase  measurements 
obtained  with  this  hydrophone,  when  referred  to  the  face  ot  the  array, 
yield  results  which  are  similar  to  those  obtained  from  the  accelerometer 
outputs  with  the  exception  that  they  are  displaced  bv  Approximately  100 
degrees  leading.  Since  the  hydrophone  range  is  in* ufiicient  for  far -field 
measurements,  the  data  obtained  bv  thi*  method  not  considered  as 
reliable  as  Ihore  obtained  with  the  arrvteronuu  r».  On  the  other  hard, 
no  phase  data  can  be  very  nu  I'.irg'ul  consider  t g the  widely  varying 
phaee  distribution  over  thr  f-ict*  of  the  ai  ray. 


CONCLUSIONS 

Teste  with  the  15  module  AKTEMIb  -ource  have  indicated  probable 
improved  acoustic  loioing  as  compared  with  initial  tests  with  a two 
module  array.  The  improved  loading  is  evidenced  by  both  a reduction  in 
the  electrical  impdanct  And  by  a higher  rAtio  of  radutad  power  to  trans- 
ducer displacement.  However,  a fundamental  difference  in  the  mode  of 
operation  restricts  a direct  comparison  of  the  two  arrays. 
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The  current  response  at  420  cycle*  per  •ecer.d  w a*  measured  at  103. 1 
decibel*  relative  to  on*  dyne/cm^/«mpere  at  one  yard,  and  thero  le 
evidence  that  the  d.recttvity  paitej-.  it>  similar  tc  th \t  which  would  be 
pred  ated  lor  a?  ideahred  array. 

The  velocity  distribution  over  the  face  of  the  array,  while  leas  erratic 
thar.  ir.  the  two  module  array,  drastically  rentr.r.ts  the  permissible  power 
level.  The  designed  maximum  diepl *c*  me-t  lirm'at  c<  c.f  the  transducer 
element*  »r.d  the  element  in  the  nrr-iv  ht  .-i.-  g maximum  displacement 
determine  thr  upper  timit  of  e lectr in  • l pow»  r rput.  Sw.ee  the  incidence 
oi  »hr  or  mallv  hi  Kh  element  velor  tv  .*  related  to  frequtrrv,  the  allow- 
able power  level  is  greater  at  »nmi  t'rroiw  c.e*  thar.  at  other*.  A small 
frequency  range  in  the  vicinity  ol  4h?>  r «.!*•»  per  second  is  tht  moat 
favorable  from  the  standpoint  of  mix. mum  pi.>rnv**ibW  power  output. 

The  variation  in  acoustic  loadin  g,  as  manifested  by  ..her  ration*  of 
relative  electrical  impedance  among  row*  ol  element*  -.nd  from  module 
to  module,  supports  the  theory  tint  the.  velocity  aroma  I tea  are  caused 
by  acoustic  irteractio-  eltects,  Op* ratio-  at  high  power  level*  i*  con- 
tingent on  discovery  of  a practical  mem*  of  mwimiei-g  the  effect*  of 
acomtit  interaction*  among  clement*  of  the  itr  iy. 

The  current  varia-.dn  letween  the  e.ectnc-ilty  parallel  connected  row* 
of  element*  ar.d  par.  H vl  connected  module*  provide  further  evidence 
t!-  it  electrical  parallel  correction  of  -til  element*  .\r  opposed  to  t*-* 
present  series-parallel  correction  will  leid  tc  reduced  velocity  anomalies. 
This,  a*  well  as  other  mean*  of  reduc.r.g  the  .-tencticr.  effect,  will  be 
if'-estigated. 
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Figur*  1 * Photograph  of  Array  *ith  15  NloduUa 
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Fi|nr«  2 - Dead-reckoning  Track*  for  Operation*  in 
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Figure  4 > Victor  Impedance  Locua  Diagram  for  Submerged  Transducer 
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Figure  7 - Horizontal  Direct' vity  Patter*  - 15  Module  Array 
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Figure  8 - Element  end  Module  Positions  In  the  15  Module  Array. 
The  Crosses  Indicate  thoae  Elements  to  which  Accelerometers  had 
been  Attached. 
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Figure  9 • Front  View  of  Array  with  Crosse*  Indicating  Location*  In 
which  Accoloromatara  had  boon  Attached  to  Squaahed  Tube  Reflector s 
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Figura  12  • Amplitude  of  Tranaducor  Clamant  Diaplacamant 
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Figure  SI  - Transducer  Clement  Displacement  Phase  Relative 
to  Amplifier  Input  Voltage 
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Fifcurt  32  - Tr.viaductr  EUment  Pl»pUc«m«nt  Ph*«o  RtUttve 
to  Amplifier  Input  Voltftg* 
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Figure  ii  • Trhneducer  EUment  Displacement  Phase  Relative 
to  Amplifier  Input  Voltage 
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Figure  3?  - Treneduaer  Clement  Dlepleeement  Pheee  Relative 
to  Amplifier  Input  Voltage 
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Fi|ura  38  • Avariga  Charactartatlea  of  Tranaduear  Clamant 
Diaplacamant  Phaaa 
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Figure  46  • I’hAav  C)wi  r;u'trrl*tU»  for  Specially  liiMrumentuit  Element  (it 
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Figure  49  • Currant  Distribution  for  Rows  of  Elements  in  Modulo 

Numbs  r 13 
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Figure  50  - Current  Distribution  in  the  IS  Module*  of  the  Transducer  Array 


CONFIDENTIAL 


COMPONENT 

TANK 

ACCELERATION 


'“Will 


lllllilir 

O.BV/DIV 


HYDROPHONE 

OUTPUT 


O.DV/OIV 


Flgur*  SI  • Typical  Waveform*  for  SO  millisecond  Pul***  With 
and  Without  a lOOep*  Band  Pa**  rilt*r  In  th*  Signal  Input 
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Figure  S3  - Typical  Wavelorma  lor  30  milliaecond  Pulaea  With 
and  Without  a lOOcpa  Band  Paaa  Filter  in  the  Signal  Input 
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rigiyf  15  > Tranaducor  Currant  AmpUtuda  and  Phaia  for  Operation 
With  Constant  Voltaga  input  to  Amplifier 
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Figure  56  - Relative  Response  for  Constant  Voltage  Input  to  Amplifier, 
Normalised  to  Value  of  Voltage  Producing  one  Ampere  into  Transducer 
at  -iOOcpe 
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